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ABSTRACT 
On February 17, 2003, a Congestion Charging Scheme (CCS) along with traffic 
management measures was introduced in central London, operating Monday to 
Friday, 07:00 to 18:00. On February 19, 2007, the Congestion Charging Zone 
(CCZ) was extended westward, covering additional 2.6% of the Greater London 
area. Transport for London claimed that the CCS helped to reduce 18% of the 
traffic volume and 30% of the traffic congestion in its first year operation. The 
purpose of this paper is to examine the impact of the Congestion Charging 
Scheme on greenhouse gas (GHG) and air pollutants emissions. In order to 
examine such impacts, the research will compare the emission volume changes of 





Whether the Congestion Charging Scheme is efficient in mitigating the emissions 
of greenhouse gas and air pollutants in the Congestion Charging Zone in London? 
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CHAPTER 1: INTRODUCTION 
Over the last century, people’s reliance on transport seems to have caused 
long-term damage to the climate. Road transportation has contributed 
significantly to the ambient air pollutants emissions, which may cause the 
environment and human health problems. According to the Friends of the Earth 
(1999), the United Kingdom government admitted that between 12,000 and 
24,000 people die prematurely every year due to air pollution. As the time goes, 
due to the drastic increase in road traffic volume, the situation may get worse if 
no action is taken in the future. The following figure shows road transportation’s 
contribution to air pollution. 
Figure 1: Road Transport’s Percentage Contribution to Air Pollution 
Source: Friends of the Earth, 1999 
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Also, transportation accounts for 34% and 13%, respectively, of US and Global 
greenhouse gas emissions (EIA, 2008b; IPCC, 2007). As Hankey and Marshall 
(2010) have mentioned, normally there are three options for reducing GHG 
emissions in transportation sector: (1) low-carbon fuels or other energy carriers, 
(2) more energy-efficient vehicles (3) vehicle-kilometers traveled (VKT) 
reductions, through options such as mass transit, energy-efficient urban form, 
improved logistics, demand-side management, and non-motorized travel. Here, 
the research focuses on the third approach. Meanwhile, the increasing fossil fuels 
usage also means that peak production of petroleum is imminent (Duncan and 
Youngquist, 1999) and Oman even commented that world resources will come 
close to exhaustion within 50 years. Governments across the world are making 
policies so as to minimize the impacts of transport on the environment as well as 
to mitigate the Greenhouse Gas Emissions and improve air quality. 
 
Cities like Beijing and Tianjin in China chose to impose policy restrictions on the 
usage of private vehicles, which means car owners have to decide whether they 
can drive their cars out according to license numbers. For example, when cars 
with odd license numbers are allowed to enter the inner city, car owners whose 
cars have even license numbers would not be allowed to drive their cars into 
downtown. In Singapore, the Area Licensing Scheme began its operation in 1975 
and required a license to gain access to a ‘restricted zone’ in the central city area. 
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Likewise, to reduce traffic flows in central London, the London Congestion 
Charging Scheme (CCS) was implemented in February 2003. This paper is 
aiming to assess the efficiency of the implementation of the CCS in mitigating 
GHG and air pollutants emissions in London. 
 
1.1 Background 
London is a city that has a long history of air pollution problem since the 16th 
century, when high industrial and commercial development required large coal 
consumption. Although the 1956 Clean Air Act has contributed to the decline 
trend of black smoke pollution over the last 50 years (AQEG 2005), the severe air 
pollution episode happened in December 1991 has brought people to reality again 
(Kelly et al. 2011). The air pollutants that caused such trouble include benzene, 
CO, NOx and NO2, which are also components of gasoline powered vehicles. In 
response, the London Air Quality Network (LAQN) was created by the 
Environmental Research Group (ERG) at King’s College in 1993 in order to 
monitor the air quality in London. In 2002, the Mayor of London launched his 
Air Quality Strategy named Cleaning London’s Air (Greater London Authority 
2002). It aims at setting policies to mitigate the risk that air pollution poses on 
human health. As part of the Mayor’s Air Quality Strategy, on February 17, 2003, 
the Congestion Charging Scheme (CCS) was introduced in central London, 
operating Monday to Friday, 07:00 to 18:00. As a part of the traffic management 
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and the public vehicle fleet (e.g. new buses, bus lanes) implemented in London at 
the same time (TfL, 2004). Transport for London (TfL) claimed that the CCS 
helped to reduce 18% of the traffic volume and 30% of the traffic congestion in its 
first year operation. It is also said by TfL in their recent report that the CCS seems 
to work efficiently in the following years too: traffic entering the CCZ in 2006 was 
21% lower than that in 2002. The traffic speed in the CCS hours has also 
increased from 14km/hour in 2002 to about 17km/hour in 2003. On February 19, 
2007, the Congestion Charging Zone (CCZ) was extended westward, covering 
additional 2.6% of the Greater London area. One research done by Beevers and 
Carslaw indicates that, between 2002 and 2003, total NOx emissions in the CCZ 
reduced by 12.0% and increased on the inner ring road (IRR) by 1.5%. PM10 
emissions in the CCZ also decreased by 11.9% and by 1.4% on the IRR. During the 
same time period, the total emission of CO2 decreased by 19.5% in the CCZ. 
Besides the efforts made in improving the air quality, London has also taken 
action in reducing GHG emission. The Climate Change Action Plan established in 
March 2007 calls for a 60% reduction from 1990 to 2025. (OECD, 2008) 
 
Similar pricing schemes are also being tested in other cities across the world e.g. 
Milan, Singapore. Other cities in UK and New York City are also considering such 
scheme as a potential tool to improve the air quality, reduce GHG emissions and 
mitigate the congestion situation in city centers. 
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1.2 Initiatives 
The purpose of this study is to examine whether the implementation of the CCS 
in London has impacts on GHG and air pollutants emissions. With the 
widespread public concern on climate change and air quality problem, it is 
important for planners to recognize the significance of such environment 
challenge. Such challenge is now faced by all cites and countries across the world 
and deserves more attention as it is closely tied to human health. 
 
Recent pollution haze that occurred in many major cities in China has brought 
the government back to the environment policy reform. Green energy promotion 
and planning policies are now being utilized to avoid expensive environment cost 
associated with the fast development in the country.  
 
This paper has the potential to provide reference for future similar researches 
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CHAPTER 2: LITERATURE REVIEW 
Previous researches have shown findings that road charging schemes can help 
improve air quality and reduce air pollutants emissions. This section would 
briefly describe the findings of previous researches about the impacts of road 
pricing schemes on both air pollutants and GHG emissions. 
 
In UK, London was not the first to introduce such road transport pricing scheme- 
such scheme has been applied by Durham. The London scheme has generated 
huge interest in the subject due to its size, the Mayor’s political risk and large 
volume of media coverage (Givoni, 2012). Banister illustrated it as one of the 
most radical transport policies that have been proposed in the last 20 years and it 
is believed to represent a watershed in policy action (Banister, 2003). Many of 
the early papers about the CCS in London examined the impact based on results 
from the first two years of operation. For example, Santos and Shaffer (2004); 
Santos and Fraser (2006); and an issue of Planning Theory and Practice (2004; 
Vol. 5, issue 4) all discussed the impacts of the scheme within one year after the 
implementation. Generally, the CCS was described as a success. In fact, the 
absolute majority of papers on the London CCS have shown supporting of it and 
did not challenge its effectiveness. However, one paper by Prud’homme and 
Bocarejo (2005) concluded that the net benefit of the CCS was negative. Tonne 
(2011) also illustrated her findings that changes in air quality cannot be causally 
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attributed to the CCS since the results can be coincided with other traffic and 
emission interventions. 
 
Saleh (2007) has suggested shifting the attention on the CCS from London to 
other cities: Edinburgh, where more than 70% of voters in a referendum on CC 
voted against it in 2005, and Stockholm where, in a 2006 referendum, 51% of the 
voters voted “yes” for the project. Focus should also be posed on Netherlands 
where there is a potential to introduce a nation-wide road pricing scheme. With a 
three-year long investigation and a critical review of the evidences, a relatively 
less decisive conclusion with important policy implications was drawn, with 
illustrations of the success of the London CCS. (Givoni, 2012) 
 
A lot researches have also focused on the impacts and efficiency of transportation 
policies on GHG emissions. Since the introduction of the Electronic Road Pricing 
system in Singapore, it is estimated that road traffic flows have reduced by 20% 
and speed has increased by 33% (Chin, 1996; Tuan Seik, 2000). Daniel and 
Bekka (2000) also predicted that vehicle emissions (NOx, CO and HC) could be 
reduced by up to 30% in the most congested areas. Begg and Gray (2004) pointed 
out that increased congestion in the UK is a ‘‘more salient concern’’ than local air 
pollution. Similar researches have also been conducted in United States. 
Cameron et al. (2003) and Bento et al. (2004) studied cities and their GHG 
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emissions by analyzing multi-sectional data to predict metropolitan level travel 
activity. Mitchell (2005) identified options including road tolling or distance 
based charging based on Global Positioning System technology as efficient tools 
in car GHG emissions mitigations. However, Anable and Boardman (2005), who 
hold the opposite opinions, believe that such systems will not lead to significant 
carbon reductions. Waterson et al. (2003) concluded from their research that a 
significant modal shift onto public transport is required to reduce CO2  
emissions from road transport. 
 
Currently, some researches have been done on the impacts of CCS in London. 
Beevers and Carslaw (2004) mentioned that, between 2002 and 2003, there is a 
reduction in emissions of CO2 (19.5%) in the charging zone. They also noted that 
there was a reduction in vehicle km in the charging zone area in cars (29%) and 
heavy goods vehicles (11%). Transport for London (2005) claimed in their first 
study that reductions in traffic and congestion met or exceeded predictions and 
the initial reductions had been sustained in subsequent periods. The number of 
private cars, vans, and trucks entering central London dropped 27 percent 
between 2002 (before the charge) and 2003. A significant increase in number of 
passengers travelling by bus was also witnessed after the CCS. Transport for 
London (2007) also estimated that there would be “a gradual reduction in the 
number of cars subject to the higher charge entering the zone and a gradual 
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increase in the number of cars eligible for the low CO2 discount entering the 
zone.” Tonne (2009) also found that CCS had modest impacts on air pollution 
and life expectancy. Litman (2011) identified impacts of CSS at other aspects: taxi 
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CHAPTER 3: METHODOLOGY 
3.1 Research Design 
The objective of this research is to assess the effects of the CCS on air pollutants 
and GHG emissions. There are two stages of the research. In both stages, 
comparisons will be made between emissions before and after the CCS was 
introduced in the Congestion Charging Zone (CCZ) as well as between the 
changes of emissions in the CCZ and the rest urban area of the city. 
 
In the first stage, GHG emission changes will be plotted and compared from 
2002 to 2006. Also, the change rate of the GHG emissions was compared to the 
rest of the city. On the second stage, the emission change of air pollutants will be 
plotted based on the data collected from monitoring sites from 2001 to 2005. 
Comparison will also be made between the CCZ with the rest Greater London 
area during the six years period (two years ahead the CCS and two years after). 
Moreover, a Difference in Differences (DID) regression analysis will be done to 




The data used for creating charts and tables were collected from the Greater 
London Authority and London Air Quality Network. As the CCS was first 
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introduced in London on 17th Feb 2003 and an extension area was added to the 
previously existing Congestion Charging Zone in Feb 2007, the data used for air 
pollutants emission comparison would be from 17th Feb 2001 to 17th Feb 2005. 
 
As two major parts of greenhouse gas, data of annual carbon dioxide and 
Methane emissions would be used for the greenhouse gas emission comparison. 
On the other hand, NOx, NO, NO2 and PM10 would be the research subjects when 
comparing the air pollutants emission changes.  
 
3.2.1 Data Compilation 
Hourly average air pollutants record was derived from the London Air Quality 
Network (LAQN) database. Across the Greater London area, there are 102 sites 
monitoring NO, NO2, and NOx; 87 sites monitoring PM10; and 32 sites 
monitoring CO. The time series applied in this research began on Feb. 17th 2001 
and ended on Feb. 17th 2005.  
 
All the GHG emissions data were extracted from the London Atmospheric 
Emissions Inventory (LAEI).  
 
LAEI was prepared by the former London Research Centre in 1997 to assist local 
authorities in monitoring and managing air quality within the Greater London 
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Area and meeting the obligations under the Environment Act 1995. The LAEI has 
been enhanced since the creation of the Greater London Authority in 2000. It is a 
database of “related electronic files that hold geographically referenced datasets 
of emissions sources and estimates of the quantity of specific pollutants emitted 
into the air within the LAEI study area (that is, within the M25 motorway)”. (GLA, 
2005)  
 
The LAEI provides a framework by storing and analyzing emissions information 
with different emission sources and regions covered in the Greater London area.  
 
All geographical divisions within the LAEI are based on the pixelated boundaries 
of 1km2 grid cells. The emissions estimation methodology applied in LAEI are 
mainly based on emission factors and activity data estimated or measured in the 
base year. 
 
3.2.2 Monitoring Sites Selection 
Similar to Kelly et al. (2011), three criteria were used to screen the monitoring 
sites that whose data were used in this research: 
 
a) Data Completeness (75% of days with 6-year period and 75% of hourly 
observations.)  
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b) Site Classifications (only roadside and background sites were selected) 
c) Distance from the CCZ center (within the CCZ or in the control area) 
 
 
Figure 2 Map of Greater London with location of monitoring sites 
Source: Atkinson et al. (2009) 
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Figure 2 and Table 1 illustrate the location of the selected monitoring sites; their 
site codes and their distance from the center of the CCZ.  
 
*Note 
- Control Area 
The control area was defined as the area 8 km or more from the CCZ center but 
within Greater London. 
 
- Roadside Monitoring Sites 
A site sampling between 1 m from the curbside of a busy road and the back of the 
side walk. The roadside monitoring site can be within 5 m to 15 m of the road. 
 
- Background Monitoring Sites 
An urban location that broadly represents the city-wide background conditions. 
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CHAPTER 4: ANALYSIS 
4.1 Greenhouse Gas Emission 
Figure 3 shows a LAEI area map. 
Figure 3 A LAEI Map 
OS data © crown copyright. All rights reserved (GLA) (LA100032379) (2008) 
 
According to LAEI 2004, as shown in Figure 3, the Greater London area is 
subdivided into three geographical areas: (LAEI, 2004; p 13) 
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- Central London, which roughly corresponds to the original boundary of the 
Central CCZ and is made up of some of the 1x1 km2 grids in the London 
boroughs of Camden, City of London, Islington, Lambeth, Southwark, Tower 
Hamlets, and Westminster (See Figure 4). 
 
- Inner London, which consists of some of the 1x1 km2 grids in the London 
boroughs of Camden, Greenwich, Hackney, Hammersmith and Fulham, 
Haringey, Barnet, Islington, Kensington and Chelsea, Lambeth, Lewisham, 
Newham, Southwark, Tower Hamlets, Wandsworth, Westminster, Waltham 
Forest and Redbridge (See Figure 5). 
 
- Outer London, which consists of some of the 1x1 km2 grids in the London 
boroughs of Enfield, Barking and Dagenham, Barnet, Bexley, Brent, Bromley, 
Croydon, Ealing, Harrow, Havering, Hillingdon, Hounslow, 
Kingston-upon-Thames, Merton, Richmond-upon-Thames, Redbridge, 
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Figure 4 A Map of Central London 
OS data © crown copyright. All rights reserved (GLA) (LA100032379) (2008) 
Figure 5 A Map of Inner London 
OS data © crown copyright. All rights reserved (GLA) (LA100032379) (2008) 
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Figure 6 A Map of Outer London 
OS data © crown copyright. All rights reserved (GLA) (LA100032379) (2008) 
 
Table 2 and Figure 7 & 8 illustrate the annual CO2 and Methane emissions and 
their changes over time. Figure 9 shows the change of CO2 and Methane 
percentage of Greater London total emissions. 
Table 2 Annual CO2 and Methane Emission Summary in Road Transport Sector 
Data Source: LAEI 2002-2008 
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Figure 8 Annual Methane Emissions in Road Transport Sector 
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Figure 9 CO2 and Methane Percentage of Greater London Total Emissions 
 
As is shown in Table 2, in the first year of the implementation of the CCS, the 
annual CO2 Emissions in the CCZ fell by 11.16% while the Greater London total 
emission decreased only by 1.75% compared the 2002. However, the annual 
emission of Methane in the CCZ increased by 0.35% in 2003 than that in 2002 
when the Greater London total methane emission fell by 7.73%. 
 
Based on Figure 9, the CO2 percentage in the CCZ of the Greater London total 
emission decreased in 2003 and 2004. However, the percentage kept increasing 
in the following two years. While the Methane percentage seems not affected by 
the implementation of the CCS. Hence, it is relatively hard to determine whether 
the implementation has impacts on the GHG emissions. 
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4.2 Air Pollutants Emission 
Figure 10 and 11 compared the mean emissions of NO, NO2, NOx and PM10 
recorded at the roadside sites in both the Pre-CCS and Post-CCS periods.  
 
Figure 10 Air Pollutants Emissions at Roadside Sites Pre and Post the CCS 
 
NO NO2 
NOx	   PM10 
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Figure 11 Air Pollutants Emissions Change Percentage at Roadside Sites Pre and 
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According to Table A, B, C and D in Appendix, the hourly emissions mean 
changes of NO, NO2, NOx and PM10 at roadside sites between two-year pre-ccs 
and post-ccs periods are -13.9%, 0.68%, -7.92% and 0.17%, respectively. The 
corresponding percentage changes of the above mentioned air pollutants 
emissions are -10.4%, 6.07%, -4.53% and 1.73%. The introduction of the CCS 
seemingly has affected the air pollutants emissions in the CCZ. 
 
To better estimate the relationship between the adoption of the CCS and the air 
pollutants emissions, four equations were established below to model the 
difference in differences approaches for NO, NO2, NOx and PM10 emissions 
respectively: 
 
(1) NOEMIi = a0 + b1CCSi + b2CCSPERIODi + b3CCSi × CCSPERIODi + ui 
(2) NO2EMIi = a0 + b1CCSi + b2CCSPERIODi + b3CCSi × CCSPERIODi + ui 
(3) NOxEMIi = a0 + b1CCSi + b2CCSPERIODi + b3CCSi × CCSPERIODi + ui 
(4) PM10EMIi = a0 + b1CCSi + b2CCSPERIODi + b3CCSi × CCSPERIODi + ui 
 
where 
a0 = an intercept 
NOEMIi = the NO emissions for site i 
NO2EMIi = the NO2 emissions for site i 
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NOxEMIi = the NOx emissions for site i 
PM10EMIi = the PM10 emissions for site i 
CCSi = A dummy variable indicating whether site i is in the CCZ 
CCSPERIODi = A dummy variable indicating whether the year is after the 
first introduction of the CCS 
CCSi × CCSPERIODi = an interaction term between the two variables defined 
above 
ui = an error term 
 
For the DID regression analysis, the data of monthly mean emissions of four 
main air pollutants from February 2001 to February 2005 in 5 roadside 
monitoring sites (i.e. Camden-Shaftesbury Avenue, Westminster-Marylebone Rd, 
Wandsworth-High Street, Richmond-Castlenau, and Enfield-Derby Road Upper 
Edmonton) are used. Among the 5 sites, one is located within CCZ, two are 
located in Boundary Zone and the left two are located in Control Zone. The 
selection of sites is based on the completeness of daily records. Hence, there are 
240 data units for each DID regression equation. The interaction terms in four 
equations will reveal the relationships between the introduction of CCS and each 
air pollutant emissions; respectively. If the interaction term is statistically 
significant and substantively meaningful, that will provide solid evidence that the 
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CCS did affect the air pollutants emissions. The modeling process will be 
completed by the SPSS software. 
 
The results of DID analysis are shown in Table 3 below: 
 











 B Std. Error Beta   
1 
a0 52.228 3.732  13.996 .000 
b1 .799 8.344 .009 .096 .924 
b2 -5.905 5.277 -.081 -1.119 .264 
b3 -2.071 11.800 -.017 -.175 .861 
2 
 
a0 28.997 1.142  25.396 .000 
b1 7.942 2.553 .277 3.111 .002 
b2 3.931 1.615 .171 2.434 .016 
b3 -3.937 3.611 -.103 -1.090 .277 
 a0 81.216 4.782  16.985 .000 
3 b1 8.780 10.692 .075 .821 .412 
 b2 -1.968 6.762 -.021 -.291 .771 
 b3 -6.055 15.121 -.039 -.400 .689 
 a0 31.988 .950  33.662 .000 
4 b1 2.543 2.125 .110 1.197 .233 
 b2 1.275 1.344 .069 .949 .344 
 b3 -1.078 3.005 -.035 -.359 .720 
 
As the p-values of b3 in Model 1, 2, 3 and 4 are 0.861, 0.227, 0.689 and 0.720 
respectively, all the p-values of the coefficients for interaction terms in four 
models are much larger than 0.05. As a result, the interaction terms in the four 
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models are deemed not statistically significant or substantively meaningful. In 
other words, there is no compelling evidence proving that the introduction of the 
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CHAPTER 5: CONLUSION 
When introducing the CCS in its first place, London government described the 
main objective as to mitigate the road traffic congestion in Central London. Based 
on the data analysis of GHG and air pollutants emissions in the CCZ and other 
areas in the Greater London area, the introduction of the CCS seemingly had very 
limited impacts on the GHG emission abatement and mitigating the emissions of 
ambient air pollutants in the CCZ.  
 
The hypothesis before the research is that, because of the solid evidence provided 
by the Greater London Authority and other studies that the traffic congestion has 
been mitigated since the introduction of the CCS, the GHG and air pollutants 
emissions inside the CCZ would be reduced at the same time. However, this 
research did not find solid supporting evidences for that hypothesis. Based on the 
currently available data, it is hard to exclude all other factors that may affect the 
GHG and air pollutants emissions in the road transport sector. For example, the 
London government has taken other measures together with the CCS such as 
fitting the bus fleet with regeneration particle traps. Also, some extreme whether 
may affect the GHG emissions in the CCZ area. 
 
To conclude, there are no compelling evidences proving that the CCS has impacts 
on mitigating the emissions of GHG or ambient air pollutants in the CCZ.  
	   35	  
CHAPTER 6: VALIDITY THREATS 
Data 
In the analysis process of air pollutants emissions inside the CCZ, there is only 
one roadside monitoring site within the area. Other sites are excluded because of 
incompleteness of data (less than 75% capture rate). Assessing air pollutants 
emissions inside the CCZ with data from one site can be a possible threat of the 
research. 
 
Also, data used for the GHG emission study was extracted from the annual LAEI 
database provided by the Greater London Authority. As stated in the LAEI 2008 
User Guide, “Final emission estimates are allocated to each 1-km2 grid, therefore 
all details about emission variations from points, linear and polygon features (i.e., 
emission sources) within each 1-km2 grid are lost through spatial aggregation”. 
Hence, the accuracy of GHG emission data in the CCZ and other areas may be 




As the CCS was first introduce on Feb 17th 2003, the annual emissions of GHG in 
the CCZ cannot fully represent the exact emission level of one year after the 
implementation of the charging scheme. As there is no other available monthly or 
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daily data from other resources, such deviation is not avoidable. Hence, the 
accuracy of the data analysis result may be affected herein.  
 
Other Factors 
Previous researches of the topic have also mentioned the possible effect of other 
road transport policies or extreme weather conditions that may affect the 
emissions of both GHG and air pollutants. New technology such as regeneration 
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CHAPTER 7: PLANNING IMPLICATIONS 
As a proven effective measure to mitigate the road traffic congestion in central 
cities, the Congestion Charging Scheme is being used or considered to be used by 
many municipal authorities across the world. However, there is still a question 
mark about its effectiveness in improving the air quality and mitigating the 
climate change. Cities like Beijing chose to restrict the usage of vehicles in the 
inner city area, which is now criticized by some citizens that have deprived their 
right to use their own cars. The local government is also considering such kind of 
scheme as an alternative. This research is expected provide reference of the 
efficiency of the CCS for authorities who may take the charging scheme as a new 
option to reduce the GHG emissions as well as to mitigate the urban congestion 
problem. Policy makers can utilize this research for further consideration in 
transportation policy making in the future. 
 
The Mayor of London released the CCS as one part of his traffic policy package 
with his own political consideration. However, substantial research beforehand 
should be done to examine its potential impacts on other aspects. The Netherland 
government spent three years on the related research before the CCS was 
seriously considered and accepted as a road transportation policy. 
 
For the convenience of studying specific planning policies, comprehensive and 
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complete official data is necessary and important. In this case, monitoring sites 
across the city should be operated and maintained carefully. Records should be 
carefully documented and made publicly accessible on time. Hence, it is 
necessary for local governments to conduct following researches related to some 
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